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While this approach can give
important insights into the
relevance of certain features,
it has serious shortcomings
because it depends on subjective
assumptions about the relevance
of different shape features.
In contrast, ‘Bubbles’ is a method
that samples a defined parameter
space in an unbiased fashion.
In most studies that have used
‘Bubbles’ so far, spatial aspects
of the stimuli were sampled by
showing randomly selected
portions of each stimulus;
however, ‘Bubbles’ can easily
be extended to sample other
parameters, such as spatial
frequency channels [5], allowing
future investigations into
systematic effects of other
stimulus parameters on
perception.
Pigeons and humans are
distantly related; while
comparative studies between
these species are interesting,
as they can identify very general
response mechanisms,
comparative studies between
humans and the much more closely
related monkeys seem even more
promising, particularly so as
monkeys are the major animal
model for human visual perception.
Indeed, we have compared
the performance of humans
and rhesus monkeys on
a discrimination task involving
natural scenes using ‘Bubbles’ [8]:
our work revealed some similarities,
but also some interesting
differences, in which regions of
natural scenes were informative
for monkeys and humans.
It seems that the strategies
reported by Gibson et al. [3] are
overall governed by what is optimal
for the task at hand. Nonetheless,
considerable inter-observer
variability in strategies exists. This
can be seen in Figure 1, which
indicates the informative shape
regions for each observer as well
as their overlap. Interestingly, the
inter-observer variability seems to
be larger for pigeons than for
humans, as we found in our
comparison of rhesus monkeys
and humans [8]. ‘Bubbles’ allows
one to determine observer-specific
strategies, making it possible to
study how these unique strategies
are reflected in the brain. Individual
differences among observers and
among species can indeed have
a strong impact on the underlying
neural processing, as recent
studies have shown [9,10].
In computer vision, the detection
of three-dimensional objects
remains an unsolved problem.
Comparative studies between
species, as well as detailed
investigations into individual
differences among observers in
conjunction with monitoring of
neural activity may prove useful for
the further development and
refinement of computational vision
algorithms. The new study [3]
highlights the importance of edge
cotermination as a crucial factor in
three-dimensional vision, in both
birds and mammals. Whether the
exploitation of this particular
feature has been conserved from
a common ancestor or has
independently evolved in birds and
mammals, it certainly represents
a robust way of inferring
three-dimensional structure from
two-dimensional projections on
the retina.
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In the developing vertebrate brain, newly born neurons migrate away
from the proliferative zones. A new paper suggests that the initial phase
of this migration may be propelled by the mechanical properties of the
new neurons’ processes rather than more conventional mechanisms
of cell migration.Jon Clarke
During development of the
vertebrate brain, many neurons
are born by asymmetrically fated
progenitor divisions at the
ventricular (inner) surface of the
neuroepithelium. These neuralprecursors then migrate away from
this proliferative zone towards the
pial (outer) surface of the
developing brain where they will
mature and integrate into neuronal
circuits. Two mechanisms
of migration are thought to be
important for this early journey in
Dispatch
R177a neuron’s life [1]. According to one
mechanism, the newly born neuron
inherits a long process from its
progenitor cell and this process
attaches the neuron to the pial
surface [1,2]. Movement of the
nucleus within this pial
process — known as
nucleokinesis — and retraction
of the trailing process effectively
translocate the cell away from
the ventricular surface [3]. This
process is called ‘somal
translocation’ (Figure 1A).
Eventually the cell releases
its contact from the pial surface
and elaborates its neuronal
morphology. In the second
mechanism, which is more
prevalent at later periods
of neurogenesis, the pial process
is inherited by the progenitor cell
and the newly born neuron
develops a much shorter leading
process [4]. This leading process
attaches to the pial process of the
progenitor and an interplay
between these cells then guides
migration of the neuron out
towards the pia (Figure 1B). This
second mechanism is the classic
mode of neuronal migration
guided by radial glia [5]. A recent
paper by Miyata and Ogawa [6] in
Current Biology suggests we
should now add to this list a third
mechanism that uses the elastic or
spring-like properties of cellular
processes to literally catapult the
cell away from the ventricular
surface. This third mechanism is
likely to operate only during the
initial stage of migration of neurons
that will subsequently continue on
their journey by somal
translocation.
Neurons that will undergo somal
translocation are initially bipolar
with processes that contact both
the ventricular and the pial surface
of the neuroepithelium. The
processes of these cells are more
or less straight — but as we shall
see shortly it is perhaps not quite
as simple. As a prelude to
migration, Miyata and Ogawa [6]
observe that these cells lose
contact with the ventricular surface
and undergo a bipolar to unipolar
transition as their ventricular
process is retracted. During this
transition, the authors noticed that
the pial processes were frequently
quite sinuous or bent, as ifFigure 1. Mechanisms of neuronal precursor migration and the potential role of mech-
anical forces.
(A) Neuronal precursor migration by somal translocation. Asymmetric division (double-
headed arrow) of a progenitor (blue) results in the prospective neuronal daughter (red)
inheriting the pial process. At this point, the new neuron has a bipolar morphology.
Then contact with the ventricular surface is lost, but contact with the pial surface per-
sists to transform the bipolar cell to a unipolar morphology. The nucleus then trans-
locates through the pial process to the cell body towards the pial surface where the
neuron differentiates. (B) Neuronal precursor migration guided by glial cells. Asymmet-
ric division (double-headed arrow) of a progenitor (blue) results in the prospective pro-
genitor daughter cell (blue) inheriting the pial process. The neuronal daughter cell (red)
attaches itself to the progenitor’s pial process and uses this as a substrate for migra-
tion towards the pial surface. (C) Transformation of a newly born bipolar neuron to a uni-
polar neuron involves buckling or looping (asterisk) of the pial process. (D) High magni-
fication of fluorescently labeled pial processes [6] reveals that many have a twisted
appearance – rather like the twists in a rope. (E) Transection of the pial process of a bipo-
lar cell results in rapid retraction and buckling of the cut processes, and often the cell
body quickly moves away from the location of the cut. (F) Transection of the ventricular
process results in rapid buckling of the pial process, and often the cell body moves
quickly in the direction of the pial surface. (G) Addition of Calyculin-A to disrupt interme-
diate filaments prevents buckling of the cell processes after transection.suddenly released from tension.
Live imaging of neuronal
precursors in cultured mouse brain
slices shows that the angles of
bending within the processes
become more acute as the initial
phase of migration progresses
(Figure 1C). Sometimes the
processes even loop around
themselves. For Miyata and Ogawa
[6] these observations suggested
that the buckling of the processes
could result from a release in
tension. The looping behaviour
suggested something more
radical: that the processes were
not only under tension but alsotwisted — try stretching and
twisting an elastic band and then
relaxing the stretch to see how the
authors arrived at this idea. In fact,
high magnification confocal
images of fluorescently labelled
pial processes revealed that many
do appear to be twisted or coiled
(Figure 1D), and supportive
images of twisted processes can
also be recognised in scanning
electron micrographs of the
developing neuroepithelium.
Taking these observations
together raises the possibility that
pial processes are normally both
twisted and stretched in bipolar
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cell, Miyata and Ogawa [6]
reasoned, loss of ventricular
contact could even allow the
tension within the pial process to
propel the cell body away from the
ventricular surface, then elastic
recoil of the twisted pial process
would lead to their increasingly
sinuous appearance and
looping.
To test these ideas, Miyata and
Ogawa [6] performed some
intricate microsurgical
experiments that involved
transecting either the pial or
ventricular process of individual
bipolar cells while leaving the
processes of their neighbouring
cells intact. Transection of either
process with a tiny glass needle
leads to rapid (less than a minute)
retraction of the cut ends and
buckling of the processes
(Figure 1E,F). Importantly,
neighbouring uncut processes
did not buckle, thus demonstrating
that buckling is not the result
of a large-scale loss of tension in
the tissue as a whole. These
observations demonstrate that
both the pial and ventricular
processes of bipolar cells are
normally under tension. A much
more difficult point to address
is whether this tension can
generate enough force to pull
a cell body out of the ventricular
zone. Evidence that this may
be the case comes from
observing the cell bodies after
their processes have been cut.
Often, buckling of processes
was accompanied by rapid
movements of the cell bodies away
from the point of the cut
(Figure 1E,F). This demonstrates
that tension in the processes prior
to cutting was at least sufficient to
restrict cell movement. However,
while it is possible that the
resultant movement of the cells
away from the cut could be
propelled by the tension in the
intact processes — rather than
a more conventional migratory
mechanism — this still
remains to be conclusively
demonstrated.
The physical properties of a cell
are likely to be determined by its
cytoskeleton. In an effort to
determine which cytoskeletal
components contribute to thetransection-induced buckling,
Miyata and Ogawa [6] quantified
the degree of buckling before and
after transection (they called it the
‘‘sinuosity enhancement index’’)
in the presence of actino-myosin
inhibitors, microtubule
destabilisers, or intermediate
filament destabilisers. Only
addition of Calyculin-A, which
disrupts intermediate
filaments — in neural progenitors
principally Vimentin and
Nestin — led to a significant
decrease in process buckling
(Figure 1G). Thus, they conclude
that intermediate filaments are
the most likely structural elements
that contribute to bipolar cell twists
and tension [6]. A couple of
important questions arise from
these findings. Can tension,
springiness and twisting be
examined in Vimentin or
Nestin knockout embryos?
Although brain development is
largely normal in vimentin knockout
embryos [7], subtle phenotypes
might be revealed by careful
experimentation. If the proposed
spring-like mechanism is only
significant in the first stage of
migration, when the neurons are
released from the ventricular zone,
and more conventional migratory
mechanisms can operate there too,
then defects in the spring
mechanism may only result in
relatively subtle phenotypes.
Alternatively, if the spring
mechanism is of major importance,
then defects in the first steps of
a journey could have both serious
consequences for the journey as
a whole and on cell organisation
and packing in the ventricular
zone itself.
How tension and twists are
generated in the cell processes
remains to be explained. This
could simply be accomplished
by stretching of the processes
as the neuroepithelium increases
in thickness due to proliferation.
Alternatively, cytoskeletal
rearrangements could generate
tension within isometric processes.
And how do the processes
become twisted? Is the
cytoskeleton itself twisted and if
so, how is the twisted state
maintained and how is energy
stored during the stretched
state? Fast elastic recoil ofprocesses has long been
observed on motile cells in culture
[8], but whether the build-up in
tension required for this cell
deformation could influence cell
migration in vivo has previously not
been clear. Miyata and Ogawa [6]
have now demonstrated the
feasibility of this proposal in the
complex environment of the
developing mammalian cortex.
I think several questions remain
to be addressed before this
spring-like mechanism is
established as an important player
in the initiation of neuronal
migration, but it’s a fascinating
possibility that reminds us that
the mechanical properties of
cells should not be ignored [9].
Perhaps the most urgent question
to be addressed is whether the
elastic tension within a cell
process can really generate
sufficient force to propel a cell
body through the neuroepithelial
tissue.
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